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VESTIBULAR REACTIONS TO LONG-TERM CALORIC STIMULATION 
OP THE RABBIT LABYRINTH 

G. I. Gorglladze 


When there is periodically repeated stimulation of the laby- 
rinth receptors, specifically of the semi-circular canals, the vesti- 
bular reactions change substantially. The basic indication of this 
is their attenuation as a result of the development of a central 
process of habituation [2, 3, 7]. 

Besides repeated and relatively short-term stimulation, the semi- 
circular canals can be subjected to more or less long-term effects of 
. a stimulus under certain conditions. 

However, the lise of long-term accelerations are limited intrin- 
sically by the technical characteristics of rotating laboratory appa- 
ratus. Moreover the caloric method of stimulation makes it possible 
to subject the semi-circular canals to stimulation for practically 
any period of time. 

In the present article the results of investigations of vesti- 
bular reactions to long-term caloric stimulation of the labyrinth 
are reported. 

Experiments were performed on eight mature rabbits . The head of 
each animal was immobilized by a head holder so that the angle of 
inclination between the oral aperture and the horizontal plane was 
from ^5® to 55° when the head was in a thrown-back position. In this 
case the horizontal semi-circular canals were placed in an optimum 
position for calorific stimulation. Calorific stimulation of the 
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labyrinths was carried out with water at 20 ®C with the help of a 
special device The plan of the experiment was as follows; 

to begin with, both labyrinths were alternately calorlzed once by 
brlef-duratlon test runs (5 ml of water for 2 seconds). Next one 
of the labyrinths was subjected to many hours of continuous calorl- 
zatlon, during which 40 ml of water per minute flowed through the 
auditory meatus. Electronystagmograms were run off according to a 
previously described method and analyzed on a M-220A computer by 
means of a specially prepared program [3]. EEG recordings were made 
by Introducing point electrodes Into the parietal and occipital re- 
gions of the cortex. Arterial pressure was measured In the femoral 
artery; the unit for recording respiration was mounted on the abdomen 
of the animal. All data were recorded on the so-called mingo graph 
manufactured by the Swedish firm Elma-Schonander . 

In the case of the long-term calorization of the labyrinths with 
water at 20 °C nystagmus was observed after an incubation period of 
2.5 to 5.5 seconds (from the beginning of the calorization until the 
first onset of nystagmus). The frequency of the nystagmus rapidly 
increased and after 40 to 50 seconds it reached a maximum of 5.0 ± 0.7 
beats/sec, after which it decreased. The greatest reduction was 
noted during the first 30 minutes, the first level of significance 
being reached by the tenth minute (P = 0.05). Further decrease in the 
reaction was noticeably slowed down. After el^t houi^ of continuous calorl- /193 
zatlon, there were 1.25 ± 0.1 beats/sec (Figure 1). 

The minimum duration of the slow phase when the frequency of the 
nystagmus was maximum was 0.09 ± 0.02 seconds. After 40 minutes of 
continuous calorization it Increased by a factor of 2.7, and at the 
end of the experiment it reached 0.66 ± 0.12 seconds. The minimum 
duration of the rapid phase was 0.045 ± 0.008 seconds. It Increased 
by a factor of almost 2, and at the end of the experiment, it amounted 
to 0.143 ± 0.03 seconds (Figure 2). 

In contrast to the parameters mentioned above, the amplitude of 
the nystagmus shocks changed differently for the different animals. 

In the case of six animals It was reduced on the average from 193.5 
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Figure 1 Figure 2 


Figure 1. The change in the rate of nystagmus during long-term calori- 
zation of the right labyrinth with water at 20 °C. The period in 
hours of the continuous calorization is plotted along the x-axls; the 
rate of the nystagmus in seconds [sic], along the y-axis. Each point 
is the average for eight rabbits. 

Figure 2. The change in the duration of the slow (1) and the rapid 
(2) component of the nystagmus during long-term calorization of the 
right labyrinth with water at 20 °C. Along the x-axis the duration 
of the continuous calorization in hours is plotted; the duration of 
both components of the nystagmus in seconds, along the y-axis. Each 
point is the average for six rabbits. 

to 91.^ mcv. Correspondingly, the speed of both phases of the ny- 
stagmus was reduced also (the slow phase, from 2150 to 138.5 mcv/sec, 
and the rapid phase, from 4300 to 639.2 mcv/sec). In the case of 
two animals at the end of the experiment. Instead of a reduction, a 
progressive Increase in the amplitude was noted, averaging from 80.8 
to 8l0 mcv [sic]. 

Prolonged calorization of the labyrinths with water at 20 °C was 
accompanied by significant changes in the EEC. This was manifested 
by the appearance of a stress rhythm of 4-6 oscillaitons/sec , observed 
over a period of 5-6 hours. Arterial pressure fell on the average by 
15-20?, reaching its lowest point after 10 minutes, and returning to 
its initial value after 1 to 1.5 hours. For rabbits at rest the res- 
piration rate was 6l.O ± 11,4 cycles/min. As a rule, after calori- 
zation it Increased, peaking after 10 minutes, and reaching 112.2 ± 

14.5 cylces/mln (P < 0.05), after which it dropped sharply, and re- 
turning to its initial value after 3.5 hours. 


0 


15-20 mlnutea after discontinuing the prolonged calorization of 
one labyrinth, both labyrinths were calorized by brief test runs at 
the same temperature. The nystagmus for these runs was weaker by 
40-70j5 in most cases in comparison to the reaction to the same 
stimulation applied to the labyrinths before the beginning of the 
prolonged calorization. It was also weaker than the initial reaction /19^ 
on the following days. The change in the EEC and the arterial pres- 
sure, which, as a rule, was clearly manifest at the beginning, was 
absent after the test run. 

Intravenous injections of 1 ml of lobeline solution or 20? 
caffeine solution in the face of a declining nystagmus rate resulted 
in a sharp increase in this rate for many minutes. 

What are the reasons for the attenuation in the nystagmus and 
other reactions during prolonged stimulation of the vestibular mecha- 
nism? If the reason for the attenuation was adaptation, or fatigue 
of the receptors of the corresponding brain centers, then all reac- 
tions should have disappeared simultaneously. Moreover, the reactions 
produced by the prolonged calorific stimulation became attenuated at 
different speeds; the changes in arterial pressure disappeared first 
of all; then the respiration rate returned to normal, and somewhat 
later, the EEG. The nystagmal reaction weakened significantly; how- 
ever, it was preserved during the entire period of stimulation. The 
lack of uniformity in the attenuation of the reactions mentioned with 
respect to time, the preservation of the effect and its transfer to 
the other side, the restoration of the attenuated reaction on intro- 
ducing certain drugs Justifies the conjecture that attenuation of the 
reaction to prolonged calorific stimulation of the labyrinths is the 
consequence of habituation based on inhibition. In this connection 
it should be noted that V. N. Chernigovskiy et al. [1, 5, 6], after 
subjecting the intero- and proprioceptors of the afferent nerves to 
prolonged stimulation, has established that attenuation of the intero- 
ceptive and motor reflexes occurs here basically as a result of the 
development of inhibition in the corresponding brain centers ("reac- 
tive" inhibition in the terminology of V. N. Chernigovskiy). 
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